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JUEROLUGTION 

The hollow cathode type discharge as deovined by Paschen in 
1916, with modifications introduced by Schuler, has beon of 
considerable value in apectroscopic work involving instruments 
with high resolving power. Thiv is due to the fect that it 
provides an excellent compromise between the narrow spectral 
lines ef low intensity in atomic beem sources, ant the broad, 
more intense Lines of the sare or spark. In addition, it is a 
source of wide adaptability, since it may be used both for band 

spectra etudies, ami for spectrnl analyses of most elements, In 
\ detavel only small amounts of material (a few miliigrems) are 
' deleachiy for the investigation, and im o liquid sir eooled 
modification Sehuler and Sehutat (2) used only 1076 erens of 
thallium in observing the hyperfine «atructure of the thalliue 
| green Line ($350 A) while Metlaliy, Horrison, and Rowe (3) used a 
modification of the hollow cathode to detect as little as 1078 
graeme of fluorine. 

The object of thie reseerch vas to detervine the characteristics 
of the water cooled hollow cuthode described by Sehuler and Gollnow 
(), and to determine the least amount of material which would give 
line: of suiteble intensity for hyperfine structure wenqurement, 
with a view to determining the practicability of the method for 
the study of the hyperfine structure of radioactive isotopes. 

In discussing the properties of the hollow eathode, it is 
useful to summarize the causes of line broadening, and to list the 


advantages of the hollow cuthede over other eourcea io thie reapect. 
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The production of narrow lines by the hollow i de discus ced 
in the literature. (1). 

1. Natural Mine width - thie iw a property of the initial 
and finel energy levele of the emitter and cannot be reduced. In 
meat cages the natural width ds swell (in resonance linea natural 
half widths are of the order of 107° Ade 

2 Doppler width « thie is most serious for light elements, 
end for linee ef short wavelength. For any given element end 
line, the half width i¢ propertional te the squcre root cf the 
absclute tewpereture (5). In the water cooled hollow eathede, 
the tewperature is « few hundred degrece Kelvin. (In an une 
cooled cathode the temperature ot the back of the hollew with a 
currest of 2Z0C me paseing in the dleckerge was meseured te be 
800°C (3) ) as compared to over three thousand decrees Zelvin in 
the are or wpark. ‘The Yopoler width is thus reduced ty o factor 
of about five by using the water ecoled cathode Incteac of the 
ere, while Liquid air cecling of the cathode results in s further 
reduction by a faetor of abeut two, 

3. Eyessure bropdening 


 i9 the reeult of neighbouring 
atoms interfering with the energy Levele of the euitting atoms, 
end i« prepertional te he gec pressure. In the hollew cuthode, 
this gen pressure io of the order of ea few am of mercury, which 


reevite in # hal’ width of the order of 107? om”), 


3 
g- thie ie oaueed by the proximity 


of atoms of the same Kind as the emitting atom. In the hollow 
cathode, a foreign gas is used te carry the discharge, and the number 
of atoms of the element under study io small, henee minimising 
the effect. 

5. Btark Drondening + the Stark effect is the splitting 
of an energy level into a number of sub lewels when the atom is 
placed in an siectric field, tt to enalagous to the Zeeman effect 
in a magnetic field, though usumily of emall megnituce, since 
even in the high fields of the » perk the observed Stark effect ie 
too amall to be resolved, and showa wo only wa Line broadening. 
In the hollow cathode the luminows part of the discharge is in an 
almost field free region, thus reducing the effect to negliscible 
proportions. 

6. 


ing =~ this is caneed by the 
presence of ione and their accompanying high eleetric fields in 
the disecharce. The effect ie emali when the current density is 
low, 

7e Self-absorption width ~ self absorption is caused by 
mexcite) atoms between the emitting otowes and the observer 
absorbing some of the raiiotion, Thie absorption occurs 
proportionately more at the wavelength of maximum intensity than 


at wavelengths on either side, The maximum intensity, and hence 


the half intensity is 
reduced. The result is that 
the half intensity width 

(bd) is greater than it would 
be if no absorption had 


taken place (a). A false 
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dovbling of the line may 


eeeur in extreme cases (c). 
Wavelength 
Tre effect is most serious 


—  a-~ no self absorption 
for resonance lines, and is 
— b+ moderate self absorption 
greeter when the Line width 
— ¢-+ false doubling from 

large self absorption from other causes is large. 


Fig. 1 In the hollow cathode, there 
ere few atene of the emitting 
aubstance and the line width is comparatively smell, hence the 


line broadening from this cause is not importent. 


GENZRAL METHOD 
In the hollow eethode ¢isehurce, «© gas, usuelly helivm or 
argon at a pressure of » few mam ef mercury, is cirevulated through 
a hollow cylinder which acts at the cathode of an slectrical 
@igcherge, the gzs belng used as the carrier of the discharge. 
The cireulation of the gos has & douvle purcoge: (a) Contamin~ 
ating gases which are apt to produce wnwanted Line or hend 


apectra are removed by circulation through a purifying system. 


(vo) «A “piume 
or “window® of gas da formed dn the cathode (4), teading to keep 
the emitting atoms 4n the discharce region, thas producing the 
aconony of material noted previously. Ones the otems have 
resched the anode and are deposited there, they are loot from the 
point of view of further light emission. 

The characteristic arrsarenge of the dfacharge Ls a funnel- 


shaped glow extendine from the anode inte the cathode bole, 


The apparatus used in this investigation consisted of four 
main components + the spectroscope, pover stpoly, discharge tube, 
ané gaa cireulating system 

A, The Spectroscope 

The spectroscone veed was o Hilger Hel, with the gloss 
optical train veei for sheervation of the visible spectrum, and 
the quartz train for the region 2600 to 3900 A. A quarts Lens 
of 5 om, focal length was mounted in front of the slit. 

B. The Power Supply 

the power supply (Fig. 2) was of the full wave rectifier 
type, using two 6066/5664 mercury vayor rectifiers. The power 
trensformer had « 10,000 volt centre tapped secondary, A variac 


in the primary clrevit wes ueed to control the output voltage. 


- The apparatus assembled. 


Plate 1 
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Smoothing of the output was achieved ueing a 16 henry choke and 
a4 pfarad comienser in a choke input filter, A 56,060 ohm, 
20 watt ballast resieter was veed in series with the discharge 
tube in order ta dueure etadility. 

o. The Discharge Tube 

The discharge tube (Fig. 3) coneieted of an anode section 
ani o ¢athode sectivn coparated by = pyrex apacer 3.6 om. inside 
diameter ani 2.7 om long. 

The anode groper ves a bellow aluninun roge.d om. long and 
7/26 inches outeide Clameter which could be covewad inte the anode 
oocGling ssetien, greviding # weans of sé justing the encode to 
cathode wpacing, he anodve eneling cecticn waa @ brags eylinder 
4.6 am. tong ane 5.6 em. outside @Lametor, with water inlet and 
ontlet pipes through the outer jacket, oné a gas inlet hole (A) 
é@rilieé. redially threwgh the frent well. In this way the gas 
stream tendes to prevent deposition of sputtered materiel from 
the diechargs on the quarts window at the freat end of the axial 
hole. 

fhe gathcde section consistad of a brags gooliag jacxet 5.8 am, 
long and 4.6 om. outside diameter, with water Inlet aud outlet 
piper through the outer Jacket, and o gaa outlet pipe D) drilled 
radially through the back wall, The cathode fattod closely in 
94 axial hole 7/16 inghes tn dlometer vhien was tapored und ground 


at the back ond to give o vaewou seal with « tapered brass plug. 
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7 
A brass connecting rod joined thie pluy and the cathode. 

The cathode (Fig, 5-4) vas on aluwinum cylinder 3.3 cm, long 
and 7/16 inches in diameter with a central axial hole 0.5 om. in 
diameter, 51x radial holes 0.8 imme is diameter were drilled 1 
to 2 mm. from the front face of the cathode. These vere 
Connected by a groove (N) on the outside of the exthode which in 
turn was connected to # longitudinal groove (BR). The axial hole 
was threaded to receive o exthode insert (Pig, 5<¢) which wae an 
aluminum rod 1/4 inches in diameter and 1.1 em. long. The front 
of the insert was in the shape of « truncated cone, the flat tip 
being 0.2 em. in Aleueter. The back of the insert vas slotted to 
allow screwdriver adjustwent of the depth of the discharge region. 

Db, The Gas Cirevlating System 

The gaa clrevleting system ie represented schematically in 
Me 4% On leaving the outhode, the gas passed through a trep 
(A in the diagrem) which was cooled either with liquid adr or a 
éry ice ~ acetone mixture. The gas then went through the mercury 
diffusion pump, and then throvgh en uctivated chareosl trap (B) 
scoled either with liquid air or the dry fea ~ acetone mixture. 
It then entered the discharge tube again. A closed tube mereury 
manometer wae fitted, and outlets to the external pump end the 
outeide air were connected ae shown. Stopcocks 4 and 5 wore used 


to isvlete the discharge tube from the reat of the system. Helicm 
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was admitted to the system by stopcocks 1 and 2, useing the method 
described by Tolansy (1). All etopeooks and the tayered plug « 


cathode section joint were greased with Apieson & vacuum grease, 


The anode was screwed into the anode cooling section so 
that the gap between the anode and cuthode saction wes aporoximetely 
1 me. 

Cathoée losding? An aqueous solution of a #alt of the desired 
material to the desired concentration was prepared, Even for a 
required emcunt of aanteriel as Low as 1 microgrem this concentration 
is reasonably high, since only 0.0° ee. of aclution were usedy 
hence water which hai been dictilled once was found to be 
adequate for vurpoucs of ebtelning known concentrations to the 
degree of precision required, A 1 ce. hypodermic syringe 
calibrated te 0.01 cc. wae found to be ocnventent for clacing 
known amounts of solution on the tip of the cathode ineert. The 
solution was evaporated slowly since the drop will fall off the 
tip of the insert when heated or jarred in any wey. 

The insert wae placed in the cathode se that the tip was 
Lem. from the front fnee of the cathode, The cathode was then 
screwed on the connecting red, and positioned so thet the front 


fece was flush with the front face of the cathode cooling section. 


The charcoal trap section waa then isolated from the reset 
of the cirovlating system, and the chercos)] degassed by heating 
electrically, the gases belong removed by the oxternol puep. The 
remainder of the circulating system was then evacuated using the 
external pump acuieted by the diffusion pump in the later stages, 
until the pressure was reduced to the order of 107? mm. of 
mercury. The cooling agent (dry ice ~ eeetone or Liquid air) was 
thes acpliecd to the trans, the external puzp ivolated (etopcocks 
6 and 7) and helius admitsed to the system (stopeacks 2 and 2} 
wtil the pressure waa of the order of 3 aa. of mercury. “he gas 
wae cireulated for cbont 30 minutes before the discharge was sterted 


in order to remove ony remaining centaminating gases. 


In investigating the oerformance of the water cooled hollow 
cathode, the following oroperties of the digsecharge and discharge 
tube were varied In order to find the optimum arrangement! 

de Anode cesign 

% Anode - onthode spacing 

3. Cathede desian 

& Derth of the diecherge region 

5. UOlecharge current 

6. Oathode watal, 

7. Addition of buffer materials 

8 Heliun cirevlation rate 


9, Helium presuure. 
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1. Anode design: The comparatively field free region of the 
@ischarve is a cylindrical rogion about 2 wm. in diameter (depend« 
ing on the diometer of the bole in the cathede) which corresponds 
to the cathode glow. It ia the most luminous part of the dis- 
charges, and spactroscopically the most important because of the 
abesace of Sterk effect line broadening. Yor best results in 
hyperfine structure work, other illumination from the dischorge 
should be excluded. for this reason « type of anode was 
fissigned (Fig. 5 =b) with @ 2mm, axiai bole over purt of ite 
length, thus maskiag out Light originating im parte of the dic~ 
charge hellew other than the central “field free" region. hie 
design vroved wuneuscesuful due to a large decrees# iu the observed 
light intensity, probably caused by o reduction in tae golid angle 
shrough whieh the soturce was obeerved, A further undesireshle 
facture eof this aucde was the short useful Live of the load 
miterial, The small hole in the anede apparently disrupted the 
gee flow, interfering with the formation of the gas “wiatow", and 
hence the wold migration of material to the anode. The anode 
desien adopted wae that shown in Fig. 5a, similar to thet used 
by Schuler and Gollnow, but slotted at the back end to allow 
screveriver aijuctment co! the anode cathode spacing. 


The discharge tube deaten 


weed in this reseurch differed from the usual type in thet the 
anode ond cathode seotions were much farther epart. The purpose 


of this seyaretion was to tlavestigate the effect of varying the 


(2) 


Ze 


sepouy 


anode - cathode spacing. It became evident early in the 

. investigation that the intensity of the source was grently 
affected by this spacing, and that the closer the anode ani 
cathode, the brighter the discharge became. The fing, Linkt 
of proximity was the purely practionl one of ability to ad juet 
the apparatue, In oll Luter work a woaciag of 1 mm. or lewe 
was used, Geall vwarlatione in this spacing roewlted in suall 
variations in the gae pressure for which the waciauwe intenet ty 
was achieved. With & large gay between the enode* and cathode, the 
anode end of the characteristic funnel shapes rley was vary 
broad, often covering the whole face of the snote section. 

3« Lathoce design: The cathode used by Sehuler and Cellnace 
(Fig. Sc) hed the defect of being difficclt to lod with known 
small guountes of eatorial in an effective position in the 
hollow, thet is, towarti the front sions the valle. “he loading 
method selected os moct promiuing for this type cuthode wae 
dropoing smell emounts of selubion of known concentration with 
& hypodermic neecle on the walle of the entheode, and then 
evaporating the aclution slowly, This system was awkwawe, resnlt- 
ing frequently in deyesition of material toward the Daek of the 
hoie, ami therefore Leevening ite effectivenses in the discharge. 
The alternative method, Pilling the cathode hollow to the top 
with the selution, an¢é then eveperating, was much elower, and the 


results obtained wore wareliable. 
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The cathode design wae then modified te that shown in Fig, 5d, 
in which a cathode insert (Fig. $0) wae screwed into the eathods 
proper. The invert was easily loaded, and hed the advantage of 
allowing small asounts of material to be placed in 6 known 
position in he cathode, and apparentiy did net Anterfore with 
the formation of the gas “winiiow". In addition, the ¢4» of the 
insert received by far the createct bombardment by helium ions, 
thus improving the sputtering setion of the ena, The extent 
of the demage to the tip of the insert is shown in Plate 2 , 
the general appearance after sone 10 hours overstion tevembling 
the discolored and roughened surface of a apark electrode 
after a nusber of sparks have Seon passed. The eppesnrance of 
spectral lines of the load materiel within a fev minutes of 
starting the dlacharge, ond their persistence, even efter 10 houre 
operation dewoneatrate the improverent ef thie desien over thet 
used by other workers, who claim m useful life of from 2 to 5 houre 
for a cathode losd of 1 milligram or more, Gspeniing, it ds 
supnoesed, on the more or less feverable location of the load 
neterial. 


ib, The ability to adjust 


the depth of the ¢inscharge region allowed determination of the 
optinun depth for line intensity and life of the load material, 
Three depthe wore tried: 0.5 om., 1.0 cm. and 1.5 em from the 


tip of the cathode insert to he front face of the cathode. 


~——-~-- See arene pee set ee es ene tte 


Plate 2 
a - cathode showing radial holes, and grooves N and 2 
b = new cathode insert 


ec - cathode insert after 10 hours operation. 
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With the short depth, the lines of the load materini wore 
Comparatively intenss, but the load disappeured mliwowt entirely 
after 15 minutes of operation. This wae probably cae to the form 
ation of the gas “window” further forward, in the anode, ond thus 
the rgpid migration of atoms to the Ay and their subsequent 
loss to the discharge. A denth of 1.5 om. wha found to be too 
grest for effective sputtering of material. Most of the helium 
ions struck other parts of the cathode, bafore yroathine the tip 
of the insert, and coneequently the inteneity of “he Lines of the 
lead materiel was low. <aAdeoth of 1.0 ox. wan found tu he most 


useful, and in one set of exposures a load of 107° 


fm. eooh of 
copper and megnesium etill cave Getentable Limes of thase 
elements in a 1 hour exposure efter 9 houre of previous operation. 
Cne of the notable fextures of this set oF exposures was that 
the line intensity of these elements was much Lover efter the 
apparatus bad been shut down for some tive, This would inddeate 
that the atoms etay in the dischorve region for e considerable 
period of time, end when the discharge ané cas clrovlation are 
estopped, a fair proportion of them are dopesited om the anode. 

5. Dischorce current: Tolanely (1) estimates that aa 
anomalous cathode potential fall takes rlece when the current 
density evceeds 50 me per en’. In order not to exeoed this value, 


& limiting current of 15 ma wae used in thie reeearch Crrrents 


of 5 ma and les» produceé a feeble glow imoreetical for spectroscopy 
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from the point of view of exposure time. A current of 10 ma reault- 
ed in « discharge of good intensity, but it wae found that the 
lines were weinly those of helium, ani the insert tip wae only 
slightly oaffeoted by the discharge, indicating low sputtering 
activity. While a current of 15 ma did not seem to visually 
incresae the intensity of the light enitted, an improvement with 
regard to lines of the Lond material and of the onthode meterial 
wee observed, It is possible that eti11 higher currents could 
be used to advantage, though there would have to be some com 
promise errived at between the resulting Stark brosdening, and 
the resolving power of the inctruments used. 

6. 


etek: 4 few iron laserte were mode and tried, 
but they were found to be no improvement om alueinun, and they 
ere more troublesome to prepere, since they must first be oxidized 
in order to decrease the intensity of the iron spectrum, whose 
many lines are opt to ebseure the lines of elements in the loed. 
The lines from the cuthode material ere however usually not 
strong. Aluminum seems to be an excellent metal to use for the 
cathode for « number of reasons! 

(a) There are comparstively few strong lines in the 
aluminus spectrum, reducing the possibility of interference 
with lines of other olonents. 

(>) Tt te oneily machined. 

(c) Left in air at room teuperature, 1t becomes coated 
with a tenscious oxide film which dabibits the production of 


aluminum Lines in the spectrum 
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(a4) It is highly electropositive, ond thus tends to displace 
most other metals from solutions of their salts. “cetals are 
much more effectively sputtered when they exist as elements, and 
not in compounds. This 4s evident fron the ovservation of the 
decrease in intensity of Lines from the cathode material when the 
cathode is covered by an oxide film, and further eupport comes 
from the copper and megnesium losd referred @ previously. 
Mg Cl, and Cuso), were used in solution end evaprorsted on the 
insert tip. The magnesium, being more electropost tire than 
aluminum, remained in the salt, but the copper was repleced by 
the aluminum or magnesium, and appeered as a thin metellic film 
visible on the insert tip. While there were 27.5 times as many 
ngnesiun atoms as copper in the load, the cepper lines were much 
more intense than the magnesium lines throughout the life of the 
discharge. Sodium and lithivm were found to be similar to magnesium 
in respect to line intensity, and silver and zine were similar 
to copper. 

fhe main objection to the use of aluminum is its property of 
adsorbing gases. For the first 20 minutes or so these gases 
produce strong band spectre over the whele range of the spectrum 
observed, but they are removed by the purifying system, and 4s 
the life of the cathode material is long, produce no serious final 
result. After the first 30 minutes oneration, there was no 


observed band spectrum in an exposure of 6 hours duration. 
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7e Addition of buffer materials: The appearance of the 
He Ii line at 4686 A prompted a study of the porsibility of 
using buffer materiola. ‘This line has an exeitation potential 
of 75.3 volts (6) which indicated that poesibly the eveiteation 
in the discharge was unfavourably high. This excitation can be 
reduced somewhat by introducing into the discharge a large 
number of foreign atoms with low ionization potentials, tending 
to incresse the number of inelastic collisions of the helium fons, 
and hence lowering their average energy. 10 milligrams of f @1 
were used as a buffer in the deteetion of codium, but the effect, 
if any, wes not obeerved. The whole field of buffer materials 
ig @ Largo onc, and the selection of the aooropriste butfer is 
aonewhat « matter of chance, so the field was not investigated 
further, the use of some metal which tends to derosit the lend 
as an element (ae the aluminum does in many caase) was found to 
be most successful. 


B. The rate of operation of the 


diffusion pump was changed by altering the heating coil current, 
Wo effet on line intensity or on the Life of the discharge was 
observed, thovgh admittedly the wariation in the pumping rate 
was emell. 


In all cnses the helium vreseure waa 


adjusted to give the maximum light intensity as judged by aye. 


17 
The optimum presaure wae always between 2 and 4 mm, of 
mereury. At pressures higher thon 4 mo, of meroury the 
discharge spreads into the gap between the anode and cathode 
sections, with no appreciable change in the tube resistance, 
and the intensity in the hollow 16 reduced. At a pressure 
somewhat less than 2 am. of mercury there is a sharp dis- 
continuity both in the apresrence of the dischurge, and in 
its electrical properties. The discharge in the hollow becomes 
faint, the glow fille the space between the anode and exthode 
sections, and the tube resistence shows a sharp increase. As 
the pressure is still further reduced, the discharge becomes 
fainter and the resistence rises eredually, watil at pressures 
of the order of 107? ma. of mercury, 811 thet remains to 


indicate « discharge is the fluorescence of the quarts window, 


le The increased efficioney of the cathode used in this 
reseerch indicates the possibility of improving on the value 
of 10° pram of Sehuler und Sehmidt (2) when liquid air 
cooling of the cathode ia weed. The use of ae Little ae 1078 
@rom would wake this method a powerful tool in the determination 
of nuclear spins and nuclesr magnetic moments of shorter Lived 


Leotoper. 
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2. An investigation into the effect of the discharge 
current on line width io desirable. The current limitation 
in this research was conservative when compared to currents 
used by other workers. Whether or not the secrifice in 
intensity by using «mall currente io justified should be 
determined. 

3. The effects of different cireulating goses on Line 


intensity might be of considerable interest. 


GUNBRAL CONCLUSIONS 

In the interests of economy of apece, ne provision was 
made in the circulating syetem for the removel of hydrogen 
from the circulating gac. Althouch the hydrogen lines in the 
spectrum were intenss, there vas no evidence of bend spectra 
after the other gsces (oxygen, nitrogen, carton diozide, ete.) 
had been removed. Yor this reason, the renovel of hydrogen 
wee considered on unnecessary refinement. It ie possible 
that the presence of hydrogen helped to keep the exeltetion 
in the discharge lower, end the “buffering” action wae beneficial. 

Yhe oriterion as to whether a line wwe sufficiently intense 
for hyperfine structure analyeie was a somewhat arbitrery ene, 
One hae to consider the fact that there may be several 
satellite components in the line, of much lower intensity 
than the main component. Thies meane thet the amount of 


noterial required will vary somewhat from element to element, 
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depending on the number and intensity of the components. 
The standard used in this research wae that a line way of sult} 
able intensity for hyperfine structure work if the intensity was 
comparable to that of the helium Line at 7629 A (given a» intenedty 
4O in reference 6), A suitable line density on the photographie 
plate from lines of thie intensity was obteined in a 1 hour 
exposure. One feator which aust be teken inte sccount is the 
hight ices due te absorption by the interferometer, neces itating 
longer exposures, A quarts Pabry~lerct interfercacter, aluminized. 
to 80% raflectivity, wae used ia an optieal arrangement similar 
SG thet wecd in the study of the holiov cathode properties, with a 
ueroury arc and a mall aperture eurving ag the Light suvrce. An 
ecaveure of frow five to ton times taot required te give the 
*standara® Line geneity wee found te be sufficient to give an 
iaterferoneter pattern of ecegquete intensity for measurement of the 
atronger components of the brperfine structars. Two faeters can be 
used to reduse he exposure time when on interferometer is usedt 

(a) The pletes aan be bypersensitized before using. This 
increases the plete speed by « factor of about 2.5 (3). 

(b) Plates ean be used which have the grentest sensitivity 
in the erectral region wnder study, The plates used in this 
investigation were Zodak type Les, which have only moderate 
spowd, but o leree evectral renee, Modek type 10ge, sensitised 
in the speetral range desired would be better from the point of 
view of epeed, theach the contrast in the ewmuleion is net as 
high ae in type ITT, 
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ie would soem that, by hyporsenaitising the plates, and 
the proper ahoice of awulafon, that an exposure of | asmething 
less then two hours would give o measurable hyperfine structure 
pattorn, A aatheds lead of yor5 #ram of en clement was found 
te give “standard” lino tntenality for ebout five hours, ao 
the life of the Loe material 1s nore then edequste for most 
hyperfine structure Investigntion. 

The mindwus practice) leal of shout 1079 avom vane eeteblighed 
for soditm, angnerivm, ceprer, gine, cod silver. Prom the 
observation that the life ef ell of these elemente in the 
@isvebarge vee ateut the same, (t epnderec thet dhe larger 
number of otexne present im the sauplee of iighter clewents 
wee compensated for ty thelr highesy wobility, and heace sore 


repid sisration from the diseharge region 


Sable ~ Contorsion fran 10 gaia to aillicuries 


Bas? i4fe 
1 dos 8 
10 105 107 teic® ag 
50 ce i Cn e 
100 10% 16” ue) ts 
150 Qx10? oe 25 2.8 


200 Pxlo- 710 20 2 


es 


f 7 sanelede cw 
ss wt ore: 


“i? eo ° seteente jee 
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Table I gives an indication of the omount of material required 
when radio-active isotopes are used. The values in the body of 
the table are the number of millicuries of an isotope of given 
atomic weight and half Life, which weigh 10°9 gran, (1 willicurte 


baal 3.6 x 10” 


digintegrations per second), 

it de apparent from thie table that from the stendpolnat of 
obtaining and handling radioactive materiel, only thoee ivotoped 
with half Lives of the order of yeonrs sre of praotioal importanes 
as far as determination of the hyperfine structure using the 
water cooled hollow cathode fa concerned. 

Thera is the possibility of uweing other cirovlsting gases, 
which was not considered in this research. A spark<Like 
anectrim is produead using helive, while ere+-like dlecherges occur 
when argen or neon is taed, Theae letter gazes heve two oaln 
disadvaataces® 

(a) Thay are absorbed to some oatent by activated charcosl, 
ami hence the gas preacure in the system requires constant 
attention. Alec, the traps should be dry feo cooled, since these 
goseu Ligvdty at liquid alr temperateres, requiring the addition 
of more gaa to maintain the desired preesure. 
| (b) the spestra produced by aryon and neon ere wore complex 
than thot of belitw, thes inerenaing the poeslbvility of iaterference 


with lilacs of the load material. 
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A&A vheck was made on the rate of Loos ofuntortad from the cathode 
insert, aad a determination of the parte of the system to which the 
material travelled, using « aample of radiosetive materiel on 
the insert and a portable Geiger qouater, After 4 threa hour 
expesure with « éleachares curvent of 15 me, sheut 906 of the materiel 
was lost from the ingeert. Suth the anode and aathode had approx 
imately the some amount of material demosited on them, end the 
remeincer of the raddenetive auvetoned lelmont certeinly Leas 
then 5% of the original Lleadj way distributed ae es not to be 
eetectable above the baurground. There was no sorreciable 
sccustleticon of the Lomi aaieriat ig the traps or on the anode 
ane cathede ¢ooling sections, Yhie investigation lends aupsort 
to the statesent that the load uaterinl is lergely recoverable 
(i), (6). A veeovery of at ieost SOS of the m terial showld be 
possible from the anoiie, enthode and insert, even after 


exposures of eicnt or ten hours. 


SUAMARY 

1. <A naw type cathode hae been desioned which decreased 
the Limit of materiel used in the water cooled bollew oxtaode by 
e fantar between 100 aad 2000, Rynerfine structure anaiyaia using 
this cathode de practical fer redioanetive isotopes having aeif 
Lives of the order of years. 

2. he exposure time of lews then two sowrs on saltably fast 
eeulsions hag been eutimated for measureble iines valna « Fabry~ 


Perot interferometer. 
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3e The minimum practical discharce current for observation 
of resonance Lines has been established av 15 wo, which 4s lower 
than previous workers have used, and results int 
(a) longer life of the cathode material 
(>) less Stark effect line broadening 
(ce) lower operating temperature in the diseharce, and 
hence less Dopoler broadening. 
4% At hae been estimated that at least 60% of the cathode 


lowed material con be recovered, 
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